Macrofungi are considered as organisms that form large fruiting bodies above or below the ground that are visible without the aid of a microscope. These fungi include most basidiomycetes and a small number of ascomycetes. Macrofungi have different ecological roles and uses, where some are edible, medicinal, poisonous, decomposers, saprotrophs, predators and pathogens, and they are often used for innovative biotechnological, medicinal and ecological applications. However, comprehensive checklists, and compilations on the diversity and distribution of mushrooms are lacking for South Africa, which makes regulation, conservation and inclusion in national biodiversity initiatives difficult. In this review, we compiled a checklist of macrofungi for the first time (excluding lichens). Data were compiled based on available literature in journals, books and fungorium records from the National Collection of Fungi. Even if the list is not complete due to numerous unreported species present in South Africa, it still represents an overview of the current knowledge of the macromycetes of South Africa. The list of names enables the assessment of gaps in collections and knowledge on the fungal biodiversity of South Africa, and downstream applications such as defining residency status of species. It provides a foundation for new names to be added in future towards developing a list that will be as complete as possible, and that can be used by a wide audience including scientists, authorities and the public.
Introduction
Macrofungi are fungi that form large fructifications visible without the aid of the microscope and include representatives from the Basidiomycota and Ascomycota (Roda 2010; Servi et al. 2010) . Common names used to refer to these fungi include mushrooms, toadstools, cup fungi, gilled fungi, jelly fungi, coral fungi, stink fungi, bracket fungi, polypores, puffballs, earth starts, truffles, and birds nest fungi (Egbe et al. 2013) and illustrates the visibility of these fungi to the public. Ecologically, macrofungi can be grouped as saprobes, parasites and symbiotic species (for instance mycorrhiza). Most terrestrial macrofungi are saprobes or mycorrhizal symbionts, but some are pathogens of plants or fungi, while those fruiting on woody substrates are usually either saprobes or plant pathogens (Mueller et al. 2007; Maria and Tzenka 2014) .
Many macrofungi are edible and rich sources of carbohydrates, proteins, vitamins, and minerals for humans (Ananbeh 2003; Gençcelep et al. 2009 ). They can be naturally harvested or cultivated commercially. For rural communities they serve as a source of protein and income, especially for women. Macrofungi have great bioexploitation potential in medicine or industry such as in the production of penicillin, lovastatin, and other globally significant medicines, and they remain an untapped resource with enormous industrial potential (Hyde et al. 2019) . Mushrooms and other types of macrofungi can grow on decayed organic matters rich in lignin, cellulose, and other complicated carbohydrates, breaking them down for other uses or for bioremediation purposes (Kulshrestha et al. 2014) . Modern pharmacological research confirms that large parts of traditional knowledge regarding the medicinal effects of macrofungi are due to proven antifungal, antibacterial, antioxidant, antiviral or other medicinal properties, besides being used as functional foods (Wani et al. 2010) . For instance, some of the best known substances present in fungi showing pharmacological properties (especially anticancer and immunological) are polysaccharides (Wasser 2002; Mordali et al. 2007; Zhang et al. 2007; Hyde et al. 2019) . Polysaccharides or polysaccharide-protein complexes present in fungi have gained the attention of researchers because it is believed that they can inhibit tumor growth and boost the immune system of the organism. They can enhance host defensive potential or represent biological response modifiers (Leung et al. 2006; Mordali et al. 2007 ). However, regulation of fungal bio-exploration and research in South Africa is hampered by the absence of biodiversity knowledge.
The fruiting bodies of slime molds or myxomycetes are occasionally observed together with those of macrofungi. The first species was described in 1654 by naturalist Thomas Panckow, who thought it was a species of fungi because of its resemblance to puffballs (Martin and Alexopoulos 1969) . Slime molds have two major stages in their lifecycles: a mobile trophic (feeding) and a static fruiting body (reproductive) stage. Modern classifications place them in the Mycetozoan group of Amoebozoa (Baudalf 2008; Fiore-Donno et al. 2010) . As bacterivores, slime molds are major components of decomposition and nutrient cycles where they enhance release of nutrients tied up in the microbial biomass (Stephenson and Feest 2015) . It is estimated that myxomycete amoebas alone represent more than 50% of the total amoebae for some agricultural soils (Feest and Campbell 1986) . Recent studies suggest that more attention should be placed on the use of slime molds as indicators of soil quality.
A small percentage of the 2.2 to 3.8 million species of fungi estimated in the world are currently described and these are mostly in temperate regions (Hawksworth and Lücking 2017) . The tropical regions with the highest fungal diversity have not been fully explored (Hawksworth 2001) . The reasons for this disparity, even in First World countries, are taxonomic obstacles that are worsened by a paucity of trained mycologists and especially systematists. The low number of published, rigorous, long-term studies on fungal biodiversity also prevents conclusive answers (Mueller et al. 2007 ). Not even basic questions, such as those related to the number of macrofungal or slime mold species at a specific location, or whether such diversity is greater in one type of forest than in another, can often be answered.
Despite the importance of macrofungi, information on their diversity is scanty, especially in Africa (Osarenkhoe et al. 2014 ). Thus, due to the lack of human capacities, national monographs of biodiversity in many African countries rarely encompass fungi. This leads to an unfortunate bias in the complete assessment of biodiversity, the unawareness by the public and decision makers of fungi as important components of ecosystem functioning, and frustration from end users at the lack of information (Gryzenhout et al. 2012) . Regulation of fungal natural resources and quarantine is thus severely impeded by the lack of lists and information readily available. Not surprisingly, the fungal biodiversity in southern Africa has been relatively poorly studied to date, and no host has been thoroughly treated (Crous et al. 2006; Gryzenhout et al. 2010 Gryzenhout et al. , 2012 . A working checklist will be greatly beneficial to illustrate strengths and gaps in our fungal biodiversity knowledge in South Africa, and will be useful for regulatory authorities.
To address the lack of basic information for macrofungi in South Africa, the aim of this review was to compile a macrofungal and slime mold names list based on current knowledge and resources. We defined macrofungi as having spore-bearing structures visible to the naked eye (mushrooms, brackets, puffballs, false-truffles, cup fungi, etc.). Since slime molds are also readily observed by the public and perceived as fungi (although they do not reside in the kingdom of Fungi), known slime molds from South Africa were also included. Lichens (structures formed by fungi living in close association with algae and cyanobacteria) were excluded from this review because they represent another ill-studied group without solid supportive capacity, but lichen species should be added in future.
Materials and methods
The species list was compiled from journal and book publications, and national fungorium records. It is not based on field observations. It is hosted on the website www. themycologyblog.com, which is live and can continuously be refined, expanded and updated. The species list is incorporated by the online resource Cybertruffle's Robigalia (http://www.cybertruffle.org.uk/) and the database of the National Collection of Fungi of South Africa (http://www.arc.agric.za/arc-ppri/Pages/Biosystematics/Mycology%20Unit%20(Fungi)/Mycology-National-Collection-of-Fungi.aspx).
Results
The macrofungal checklist compiled in this review (Table 1 ) presents the first national list for macrofungi and slime molds in South Africa. It includes macrofungal and slime mold species names from previous field guides, other publications, as well as names obtained from the National Collection of Fungi's PREM fungorium (based on 3597 records), hosted by the Plant Health and Protection (http://www.arc.agric.za/arc-ppri/ Pages/ARC-PPRI-Homepage), Agricultural Research Council, South Africa (Table 1) . Myxomycete records include 107 species. In total, the South African checklist presented here includes 1160 species, 307 genera and 95 families.
The Basidiomycota consisted of 1008 species, 251 genera and 72 families. At the class level, the Agaricomycetes had the highest number ( Fig. 1 ) of species (992), genera (242), and families (68) hosting 86% of the total number of species of macrofungi. The largest order was represented by the Agaricales (504 species) followed by the Polyporales (251 species), Boletales (50 species), Russulales (49 species) and Geastrales (33 species). The smallest orders were the Gloeophyllales and Gomphales with only two species. The largest family was the Agaricaceae (180 species) followed by the Polyporaceae (172 species). Orders with only two species were the Gloeophyllale and Gomphales, while the Thelephorales had four, and the Tremmelales 6 species.
The Ascomycota was represented by 44 species distributed among 20 genera and 10 families. The Pezizomycetes had 34 species, Sordariomycetes 9 species and the Leotiomycetes one species (Table 1) . However, the total number of species in these groups are biased in this study to include only those that can be considered as a macrofungus. One member of the Mucorales (Pilobolus crystallinus, Mucoromycota) was also included (Table 1) .
More than hundred slime molds have been recorded from South Africa based on the list (Table 1, Fig. 1 ), with the Physarales (Myxomycota) having the most species (57 species). The 107 names of slime molds contributed originated from published and unpublished sources (Duthie 1917a, b; Doidge 1950; Ndiritu et. al. 2009; Ndiritu and De Haan 2017; Winset KE unpubl. data) . Only accepted taxonomic names following the nomenclatural criteria proposed by Lado (2005 Lado ( -2018 , which is recognized by the Encyclopedia of Life under Species 2000 and ITIS Catalogue of Life (http://eol.org/), were used. All of the five orders of myxomycetes are present in South Africa, and include the Echinosteliales (represented by one family and one genus), Liceales (four families and six genera), Physarales (two families and three genera), Stemonitales (one family and seven genera) and Trichiales (two families and seven genera). The Protosteliales (Protostelids), a sixth order though not generally regarded . The number of species reported from South Africa also compares favorably with the approximately 375 myxomycete species reported from the African continent and its territories (Ndiritu and de Haan 2017) . However, this is fewer than the 431 species reported from 30 countries in the Neotropics and 880 species from across the world (Lado 2005 (Lado -2018 .
Myxomycetes are not represented in PREM. This large deficit is most likely because slime molds have a different biology from fungi. This also reflects the limited focus that the broad fungal diversity has received in South Africa, with a much larger focus on disease causing fungi of plants, animals and humans. Even within mycological circles, slime molds have received very limited attention and there has been no expertise in studying them.
Discussion
The checklist gives an overview of the visible mycobiota of South Africa from different sources of data. The checklist presented in this publication is the first for South African macrofungi and is as comprehensive as can be of currently collected and published macrofungi. The list will serve as a foundation to add names to a future real-time, developing, online list that should eventually become as complete as possible, similar to what is available for other organisms in South Africa such as plants and animals. Information on South African macrofungi is still scanty and a great degree of inventorying is needed to document existing species, as well as new species, in order to produce more detailed checklists of macrofungi of South Africa. It will also need future refinement and additions are already forthcoming, including ecological and distribution information.
South Africa has a long history of mycology. Based on what was published in the available field guides on macrofungi for South Africa (Stephens and Kidd 1953a, b; Levin et al. 1985; Van der Westhuizen and Eicker 1994; Branch 2001; Gryzenhout 2010; Goldman and Gryzenhout 2019) , the most common macrofungal species reported across all the years belonged to several genera, including Agaricus L., Amanita Pers., Boletus L., Coprinus Pers., Lactarius Pers., Laetiporus Murr., Macrolepiota Singer, Russula Pers., and Suillus Gray. There exists a level of overlap of species mentioned in the different field guides, but each field guide also included unique species while not one of them is complete or comprehensive due to publishing constraints. However, even the guides combined do not yet encompass the diversity of known and unknown species present in South Africa.
A number of scientific publications exist that listed macrofungi for South Africa in general. Doidge (1950) summarized the content of her book in tabular form, listing 835 Ascomycete species, 1704 Basidiomycetes species (36%) and several species of myxomycetes. The phytopathogenic component of these species, and species discovered since then, were summarized by Crous et al. (2000) . Van der Westhuizen and Eicker (1988) listed the various fungi known at that stage in the Pretoria area (Gauteng Province), while Gorter and Eicker (1988) provided Afrikaans names for a list of fungi. Vellinga et al. (2009) and Wood (2017) listed a number of fungi, including macrofungi that they considered to be introduced into South Africa. Eicker and Baxter (1999) (Job, 1987) and a series of papers dealing with Stereum Pers., Lopharia Kalchbr. & MacOwan, Cymatoderma Jungh. and the Thelephoraceae (Gorter, 1979) . Paul A. van der Byl was known for his pioneering work on polypores or bracket fungi while Averil M. Bottomley documented South African Gasteromycetes (Bottomley, 1948) . New species of Gasteromycetes were described, such as Bovista acocksii De Villiers, Eicker & Van der Westhuizen , but limited information is still available for the Geasteraceae of South Africa (Coetzee and Van Wyk 2003) . A new basidiomycetous species, namely Pseudolagarobasidium acaciicola Ginns, was considered to be a potential biocontrol against the invasive weed Acacia cyclops (Wood and Ginns 2006; Kotzé et al. 2015) .
A number of recent studies on macrofungi included DNA phylogenetic data. For example, studies during the early part of the last century reported Armillaria mellea (Vahl: Fr.) P. Kumm. in South Africa (Pole 1933; Kotzé 1935; Bottomley 1937) , that was largely associated with an expanding plantation forestry industry and the pathogenic nature of the fungus. However, recent morphologic and DNA-based studies showed that the fungus killing pine trees in South Africa is A. fuscipes Petch (Coetzee et al. 2000) , while the Northern Hemisphere species A. mellea and A. gallica Marxm. & Romagn. are restricted to the Western Cape on non-native trees and dying Protea plants in the Kirstenbosch Botanical Gardens, respectively (Coetzee et al. 2000 . However, recent studies alarmingly showed that A. mellea is spreading to native fynbos areas and is able to infect a number of native plants in natural ecosystems of the Western Cape .
A number of new Ganoderma species were discovered through the use of DNA sequences. These include Ganoderma austroafricanum Coetzee, M.J. Wingf., Marinc., Blanchette on Jacaranda mimosifolia, which was assumed to be the main causal agent of root rot on these trees (Crous et al. 2014) , G. enigmaticum M.P.A. Coetzee, Marinc., M.J. Wingf. and G. destructans M.P.A. Coetzee, Marinc., M.J. Wingf. . Ganoderma destructans, another novel species G. dunense Tchotet, Rachjenb. & Jol. Roux, an undescribed novel species of Ganoderma, and Pseudolagaricobasidion acaciicola were also found associated with dying plants of the invasive weed Acacia cyclops in the Eastern and Western Cape Province (Tchoumi et al. 2018) . A survey (Tchotet et al. 2017 ) on wood-rotting basidiomycetes from various declining native tree species in the Garden Route National Park (Western Cape) also showed Ganoderma to be the most prominent associated group, together with Innonotus, Fomitoparia and Wrightoporia to a lesser degree. The study also defined other operational taxonomic units (OTUs) with sequence data from such symptoms, and assigned tentative identities based on closest sequence hits on the UNITE database. In Tchotet et al. (2019) the OTU's belonging to Ganoderma was further characterized based on multigene phylogenies and brought up the number of Ganoderma species present in South Africa to 13. From the study another two new species, namely G. eickeri Tchotet, M.P.A. Coetzee, Rachjenb. & Jol. Roux and G. knysnamense Tchotet, M.P.A. Coetzee, Rachjenb. & Jol. Roux, were described, and the two phylogenetetic groups named as G. cf. resinaceum Boud. and G. cf. cupreum (Sacc.) Bres. could indicate the first reports of these species in South Africa. Ganoderma cf. cupreum has not been previously collected or observed (Table 1) , while specimens of G. resinaceum are present in PREM and the species has been recorded previously (Table 1) .
A new Fomitiporia species, F. capensis M. Fisch., M. Cloete, L. Mostert, F. Halleen, was described from South Africa based on fruit body morphology and combined internal transcribed spacer (ITS) and large-subunit ribosomal RNA gene (LSU) sequence comparisons (Cloete et al. 2014 ). The new species Phellinus resupinatus M. Fisch., M.
Cloete, L. Mostert, F. Halleen, was found to be associated with the disease esca and white rot on grape vines (Cloete et al. 2016) . Two new Chlorophyllum species, namely C. palaeotropicum Z.W. Ge & A. Jacobs and C. africanum Z.W. Ge & A. Jacobs, were described based on morphology and DNA sequences of the ITS, partial LSU, the second largest subunit of RNA polymerase II (rpb2) and translation elongation factor 1-α (tef1) sequences (Ge et al. 2018) . The jacaranda stinkhorn (Itajahya galericulata Möller) in Pretoria was also typed phylogenetically .
Fungi associated with termite mounds formed the focus of a number of studies. Termitomyces spp. associated with some termite species are arguably some of the best known fungi among non-specialists in South Africa, as they are rather obvious, numerous, interesting and a well-loved delicacy. A number of species have been described from South Africa (Botha and Eicker 1991a, b; Eicker and Baxter 1999; Fine Licht et al. 2005) , but not all species of Termitomyces associated with the 42 South African fungus growing termite species have been characterized. Neither have the Xylaria Hill ex Schrank species (Ascomycetes, Xylariaceae) associated with termite nests been fully characterized. However, X. fioriana Sacc. was identified and described in South Africa (Saccardo 1891) . Another well-known associate with termite mounds, Podaxis pistillaris (L.) Fr., was also found to consist of more than one phylogenetic lineage, including several collections from Africa, that could be supported morphologically and ecologically (Conlon et al. 2016 (Conlon et al. , 2019 .
A total of 105 myxomycete species (Table 1) are known from South Africa (Ndiritu and De Haan 2017). The first record of myxomycetes of South African myxomycetes was published in 1917 (Duthie 1917a) . Additional published surveys included Duthie (1917b) and Doidge (1950) . One would expect more species in South Africa especially when considering the presence of diverse habitats across such a large surface area. Clearly, this is a vastly understudied and underexploited group in South Africa supported by no local expertise.
A number of species presented in past field guides (Table 1) , which should present studied fungi, do not have specimens lodged in PREM (15%, excluding slime molds) and are thus not present in our National Collection. For instance, none of the important termite-cultivated Termitomyces species, including the iconic Termitomyces umkowaan (Cooke & Massee) D.A. Reid that is readily consumed by many, has fungorium specimens in PREM. These even include commonly occurring species such as Schizophyllum commune Fr. that are widespread throughout South Africa and that can even be observed in dry conditions. Only 14% of fungi (excluding slime molds) published in previous field guides are also lodged in PREM (Table 1) .
Conversely, a very large proportion of species in PREM (77% excluding slime molds) have not been included in popular field guides and are thus largely unknown to citizens interested in these fungi, and even professional mycologists. These pieces of forgotten knowledge are crucial to complete the current and future status of our fungal biodiversity, and represent a glimpse of the diversity in earlier times. For instance, 11 species of Pholiota (Fr.) P. Kumm. are lodged in PREM but did not feature in previous field guides. A twelfth species, P. squarrosa (Oeder) P. Kumm., is the only species currently listed in field guides but specimens for this species are not lodged in PREM (Table 1) . Many of these collections representing genera or closely related groups, however, represent invaluable research opportunities to update the status of species in South Africa in the form of monographs and contemporary phylogenetic studies, to add new samples and possibly describe novel species.
Although great care was taken to eliminate possible synonyms present in the list, and to provide the most recent names for species listed under previous names (Index Fungorum 2019; Crous et al. 2004 ), a number of synonyms and previous names most likely are still present. It is impossible to continuously crosscheck the list, but errors can be rectified with future revisions for certain groups in the list that aim to eliminate these problems. It is also important to remember when using the list for research, that previous synonyms (including original published or collected names as listed in the contemporary taxonomic databases Index Fungorum and Mycobank) must also be searched.
A number of names listed in Doidge (1950) are not yet present in the list. Since a large proportion of these listed names have new combinations, it was uncertain whether the original author/-s observed them in the sense of what they are called today, or to what genus or species they were attributed to in the past. Some of these names also proved to be non-existent. Due to the importance of Doidge (1950) and the large number of names it contains, it was thus decided to rather treat the names included in Doidge (1950) separately where they can be more carefully linked to existing names and collections and their validity verified, before inclusion in the current checklist published here.
We emphasize that data obtained from publications and books were based on names only at this stage, because although published, some names were not supported by voucher collections that can be used to validate the accuracy of the included names. Even lists obtained from the fungorium, although tied to specimens, may represent misidentifications, previous synonyms or specimens not yet updated to recent systematic schemes for the particular taxon. Furthermore, a large number of macrofungi are still unnamed in South Africa, remain undiscovered, or new reports continue to be generated where discovered fungi could be identified. However, the working list presented here should form a solid foundation to revise names and add more names in future, especially if tied to certain targets or priorities matched to existing expertise and collaborations.
Having a fungal name list is invaluable. It is the first step towards compiling an atlas for macrofungi, similar to what exists for other organisms in South Africa (for example, Harrison et al. 1997) . Such an atlas can also include distribution, ecological and biological data useful for diverse end users in governmental institutions, and those linked to conservation, ecology, academia and citizen science (Gryzenhout 2015) . Additional products would be used to compile, for the first time, a red-list of macrofungi based on International Union for the Conservation of Nature (IUCN) criteria, and guidelines to protect them based on their biology. It will aid to identify indicator species to monitor ecological integrity and change. The residency status of macrofungi can be defined better, and species that are truly endemic, naturalized, introduced or invasive can be defined properly within each group. The need for this is already evident where fungi have been previously listed (Vellinga et al. 2009; Wood 2017) but there was no national list for comparison. In fact, one species listed in Vellinga et al. (2009) , Inocybe curvipes P. Karst., is not present in previous publications or in PREM (Table 1) . The checklist information can be used in education for the sustainable and safe use of fungal natural resources, to produce conservation awareness and regulation to protect naturally harvested species and habitats from over-harvesting (Gryzenhout et al. , 2012 . Lastly, the lists will be instrumental to do gap assessments from the compiled data to help identify research needs in future, for example where to focus surveys and collections, revisions, and where the greatest gaps for species descriptions exist. A list will also enable citizen scientist collaboration and participation and make the study of fungi more transparent (Gryzenhout 2015) .
Human capacity should be developed in the area of mycology and biodiversity conservation. The species found in each region of South Africa is still unknown and there have not been any recent monographic works. Furthermore, a great need exists to continue revising the list, to ensure that more representatives of species are added and taxonomic revisions are undertaken and included in the list. The list should also be enabled to continue and long-term plans should be developed to ensure its sustainability.
The list presented is only based on species and specimens that could be named. A great deal of unknown taxa of macrofungi still exist. In fact, approximately 200 ''unknown'' macrofungal species of the fungorium records were left out from the list. Furthermore, approximately half of the records lodged in MushroomMap (http://adu. org.za/) represent fungi that could not be identified, whereas a great number of equally unknown fungi is posted on the Mushrooms for South Africa Facebook page (https:// www.facebook.com/groups/MushroomsSouthernAfrica/), or communicated by citizen scientists (Gryzenhout 2015 ). This great deficit or inability to name numerous South African macrofungi is indicative of the great diversity that we have, the large proportion that are still undiscovered, unstudied, and hence under-utilized, and the paucity of human capacity to do this (South African Fungal Diversity Network 2013). Without active description and characterization, these fungi will remain in obscurity.
